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CENTER FOR NAVAL ANALYSES
1.
Enclosure (1) is forwarded as a matter of possible interest.
2.
A score used for selection or classification should predict the performance of different population subgroups equally well. This research memorandum analyzes the prediction of hands-on performance in the Automotive Mechanic specialty, using the Marine Corps' Mechanical Maintenance (MM) composite. 
ABSTRACT
A score used for selection or classification should predict the performance of different population subgroups equally well.
This research memorandum analyzes the prediction of hands-on performance in the Automotive Mechanic specialty, using the Marine Corps' Mechanical Maintenance (MM) composite.
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EXECUTIVE SUMMARY
The Armed Services Vocational Aptitude Battery (ASVAB) is used to select and classify enlisted personnel.
The Armed Forces Qualification Test is used to select personnel, and the service composites are used to classify them into occupational specialties.
The Marine Corps uses the Mechanical Maintenance (MM) composite for classifying personnel into occupations involving maintenance and repair of mechanical systems.
In a recent report, the General Accounting Office (GAO) raised some questions about the fairness of composite scores used by services for technical occupations.
GAO has concluded that composites are less successful in predicting performance of women and minorities than they are in predicting that of white males, especially if performance is measured in the field.
DOD is preparing a response to the GAO report, based on analyses of data from a large number of occupations from the four services.
In the MM phase of its Job Performance Measurement (JPM) project, the Marine Corps has developed hands-on performance tests (HOPTs) for the Automotive Mechanic specialty (MOS 3521) and four helicopter repair specialties (MOSn 6112 to 6115).
The content of each test was based on extensive job analysis based on the Individual Training Standards. Each test was scored by former Marines who had experience in the occupation and who had been trained to score performance as objectively as possible.
A report of the National Academy of Sciences calls a test score obtained in this manner "the benchmark measure" of job performance.
This study analyzes only the Automotive Mechanic data because sample sizes in the others were too small for useful analysis.
Even this occupation had few women and Hispanics, and therefore only blacks and whites were compared.
After removing cases with incomplete data, the sample contained 118 blacks and 632 whites.
Fairness of the MM composite means that a specific MM score predicts the same HOPT score for all individuals, regardless of their group membership.
This similarity of predicted scores is tested via regression analysis in which the slopes of the prediction equations for the two groups are compared, and so are the intercepts.
The hypothesis of fairness was tested separately for two MM scores: one used for enlistment in the Marine Corps, and the other from an ASVAB administered concurrently with the HOPT as part of the JPM project.
For both sources of aptitude information, differences between blacks and whites in the slopes and intercepts of the regression lines were found to be statistically nonsignificant.
In summary, the evidence indicates that the MM composite score is equally sensitive for both subgroups as a predictor of hands-on performance on the job.
In addition, it does not underpredict or overpredict the performance of either subgroup. All others are power tests with liberal time limits. Standard scores rather than raw scores on the subtests are used in all decisions based on the ASVAB.
Standard scores are integers from 20 to 80, with a mean of 50 and a standard deviation of 10 in the 1980 reference population.
Standard scores from certain subtests are combined to compute an individual's Armed Forces Qualification Test (AFQT) score, which is the primary score used to select individuals for military service.
Composite scores are used within each service to classify a recruit into a military occupational specialty (MOS).
The Marine Corps uses four composites: Mechanical Maintenance (MM), which contains AR, AS, MC and EI; Clerical (CL), which contains VE, MK, and CS; Electronics (EL), which contains GS, AR, MK, and EI; and General Technical (GT), which contains VE, AR, and MC.
Scores on these composites have a mean of 100 and a standard deviation of 20 in the reference population.
The General Accounting Office (GAO) has raised some questions about the fairness of service composites used for technical specialties [1]. According to the Executive Summary of GAO's report, GAO concluded that, for most recruits, the services' selection criteria are moderately successful at predicting individual performance during classroom technical training. However, they are notably less successful for women and minority recruits .... Only the Army systematically collects data on the field performance of individual graduates in a way that would allow comparison of a graduate's on-the-job performance with his or her entry level ability and classroom performance.
These data reveal an even weaker connection for women and minority group members between criteria used to assign them to technical specialties and their later field performance [1, p. 3].
Fairness means that a score used for selection or classification predicts the same performance level for all individuals with the same score, regardless of their group membership.
This similarity of predicted scores is tested via regression analysis, in which the slopes of the prediction equations for the two groups are compared and then, if
the difference is nonsignificant, intercepts are compared.
Comparability of slopes from the separate regressions for each group implies equal sensitivity of predictors Equality of intercepts indicates that the test does not underpredict or overpredict the performance of any group. These hypotheses were evaluated by using the 4M score to predict scores on a hands-on performance test (HOPT) that measured proficiency on representative job tasks.
The MM composite is used for occupations involving mechanical repair and maintenance. Each test consists of a sample of tasks that a mechanic in that specialty needs to perform in the course of his or her work.
Requirements of each job were determined using the Individual Training Standards of the Marine Corps.
Each task was divided into a number of steps, each -2-of which was scored as performed correctly or not.
The test was administered by former Marines with relevant job experience.
The administrators were trained to score performance as objectively as possible [2] . A score resulting from such a process has been referred to as the "benchmark measure" of job performance [3, p. 95].
A data set was constructed for each MOS containing the cases for which a valid HOPT score was available.
The largest total sample size among helicopter MOSs was 215 for MOS 6114; the largest minority sample size was 22; and no women were in the MOSs.
Therefore, analyses were performed only for the Automctive Mechanic specialty.
Time in service (TIS) exceeded 10 years in only four cases, with values ranging from 136 to 160 months; these cases were excluded as outliers (i.e., cases that are unusually far from most Marines).
The available ASVAB scores are those with which the Marine enlisted, and scores from a computerized adaptive testing (CAT) version of the ASVAB that was administered concurrently with the HOPT.
All cases with missing enlistment or CAT scores were deleted.
The remaining sample contained only 44 women and 83 Hispanics (the latter number being distinctly smaller than the sample size for blacks).
These groups were excluded from the study because the sample contained too few of them for useful analysis.
The final sample, with complete data for each Marine, contained 118 blacks and 632 whites.
ANALYSES AND RESULTS
TIS is a powerful predictor of hands-on performance.
That is, given equal ASVAB scores, senior Marines score higher on the average than junior ones due to on-the-job training.
The rate of growth slows as time increases.
Therefore, TIS and its square were included as predictors along with MM scores.
In simple regression analyses, outliers are usually removed.
In multiple regressions, however, this simple approach can be inadequate. Each case may need to be examined in terms of how it affects the estimates of the the regression weights.
The effect is quantified as follows: The weights are estimated using the entire sample.
Then they are recomputed with one observation removed.
For each predictor, the latter estimate is subtracted from the former, and the difference is divided by the standard error of the estimate [4] .
The ratio yields the "influence" of the observation on the estimated coefficient of the predictor. A large value of either sign shows that the observation changes the estimate substantially, anid thus behaves like an outlier in simple regression.
As the minority sample size was only 118, a few influential cases could affect the result substantially.
Therefore, each significance test was preceded by influence analysis.
Cases with extreme values of the influence function were excluded, and then a significance test was performed on the edited sample.
-3-Specifically, let us consider analysis of the MM score used for enlistment.
The regression equation initially included a term to represent the difference between slopes for blacks and those for whites. Influence on this term was cplculated for all individuals in the sample. The standard deviation of t0-Lnfluence values was .038, and the mean was zero as expected.
Four t.aminees with influence exceeding .25 in magnitude were deleted from the sample.
Using the edited sample, the F ratio for difference between slopes was 0.54, which is statistically nonsignificant.
Therefore, in he analysis of difference between intercepts, slopes in the two groups were set to be equal.
Then influence analysis was performed for difference between intercepts. Standard deviation of influence values was .041.
Again, cases with influence above .25 in magnitude were deleted.
This further reduced the sample size by three.
The F ratio for difference between intercepts was 3.62, which is not significant at the .05 level.
A similar procedure was followed with the MM score from concurrent CAT-ASVAB.
The cutoff value for size of influence was again .25. Three cases were deleted for the analysis of slopes and two more for the analysis of intercepts. Table I presents detailed results for enlistment and CAT-ASVAB. Most cases excluded due to extreme-influence values were blacks. Because the black sample size is less than a fifth of the white sample size, a black individual tends to influence the difference between subgroups more than a white individual.
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DISCUSSION
The statistical significance of the intercept differences is even weaker than it appears.
Since four F tests have been performed, a .05 significance level for the entire set of tests requires that, for an individual F ratio to be considered significant, its tail probability should be smallef than .05/4 -.0125. If the .05 significance level is applied to individual F tests, the overall significance level is .05*4 -.20.
Thus, the set of four F tests reported above is nonsignificant at the .20 level.
In summary, Marine Corps JPM results for the Automotive Mechanic specialty, using the hands-on performance test as the criterion, show that the Mechanical Maintenance composite is equally sensitive for blacks and whites.
The results also show that the regression equation does not overpredict or underpredict the performance of blacks.
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